streptomycin sulfate, incubated at 37 C with aeration for about 24 hours. Cultures were centrifuged, washed in sterile distilled water (to avoid introducing other ions that might modify the effect of Fe++), and resuspended in half the volume of water. Suspensions were used without delay.
Ferrous and ferric sulfates were used in the mutation experiments, although comparable effects can be obtained with ferrous and ferric chlorides in solutions of similar molarity. In the studies of radioactive sulfur utilization, however, the chloride salts of iron were used so that sulfate concentration of treated and control cellular suspensions would be the same. Ferrous solutions were freshly prepared before each experiment, and care was taken to remove oxidized portions of the crystals before weighing. Concentrations ranging from 3.0 X 10-1 m to 5.0 X 10-6 M were generally employed.
In the mutation test, equal volurmes of cellular suspension and iron solution were mixed, each solution having been brought to the proper temperature beforehand. A control tube of cellular suspension mixed with an equal volume of water was run parallel with the test. After the desired period of exposure, 1 ml samples of these mixtures were removed for assay of the numbers of survivors and mutants, the first dilution being made in 9 ml water blanks of the same temperature as the sample. For tests involving change of exposure temperature, two alternative procedures were employed. In one, ferring the tube to a water bath of the contrasting temperature, dilution being postponed until the end of the secondary exposure period. In either case, after the reaction period, the procedure was the same for all samples. To assay the number of mutants, 0.1 ml aliquots of the 1-10 dilution were pipetted onto a series of 8 thick Difco nutrient agar plates (without streptomycin). Rotating each plate on a turntable, the dilution was evenly distributed and worked into the agar surface with a small sterile gla spreader. A reasonable number of mutant colonies was obtained with this degree of dilution; moreover, the concentration of Fe++ was thereby reduced below a level productive of significant mutagenic effect. For the assay of Sd survivors, higher dilutions were plated in a similar manner on nutrient agar containing 50,g per ml dihydrostreptomycin sulfate. To obtain maximum accuracy, duplicate assay plates of several appropriate dilutions were made, all pipettes were acid cleaned and suitably rinsed before sterilization, and dilution blanks were carefully measured. All plates were incubated at 37 C, streptomycin plates for 2 days and the nonstreptomycin plates for 6 to 7 days; then the numbers of colonies were counted. Because of the phage T3-resistance marker on this strain, nontypical colonies suspected of being contaminants could be checked with appropriate T phages.
Metabolic activities of iron treated cells were studied by determining uptake of radioactive compounds. Strain B of E. coli was used for these tracer experiments, owing to the desirability of growing the cells in a synthetic medium (in which growth of strain Sd4 is inadequate in the presence of ordinary concentrations of streptomycin). The synthetic "C" medium that was used has the following composition: NH4C1, 2 g; Na2HP04, 6 g; KH2PO4, 3 g; NaCl, 3 g; Mg (as MgCl2), 10 mg; S (as Na2SO4), 25 mg; distilled water, 900 ml; with 0.4 per cent glucose added after sterilization. A low-glucose C medium, employed for growing the test celLs, was similar to the foregoing except that glucose was reduced to 0.12 per cent so that the cells would remain in the exponential phase of growth (Roberts and Roberts, 1950) . Densities of the cellular suspensions were measured spectrophotometrically in a Beckman spectrophotometer adjusted to 650 mA.
Procedures for exposing strain B to iron solutions duplicated those used in mutation experiments with strain Sd-4. Treatment was terminated by high speed centrifugation. Cells were washed, inoculated into C medium containing S35, and incubated at 37 C. Controls grown in the same tracer medium consisted of cells that previously had been suspended in water instead of in iron solution. Cells were harvested from the radioactive medium, washed in 0.85 per cent saline, and fractionated with cold 5 per cent trichloroacetic acid for 30 to 40 minutes. Cups from these fractions were prepared for radioactivity measurements according to the technique described by Cowie, Roberts, and Roberts (1949) .
As exposure of a strain Sd4 test supension to ferric sulfate at either 37 C or 1 C leaves more than 50 per cent survivors and produces only slight increases in reversion frequency. To achieve any considerable reversion increases, concentrations of Fe+++ higher than 5 X 10-M are required, and these tend to agglutinate the celLs so that asays are inaccurate. In contrast, concentrations of Fe++ of 3 to 5 X 10-m at some temperatures rapidly reduce the numbers of viable cells and very significantly increase the reversion frequencies. Contrary to initial expectation, exposure to Fe++ at 1 C produces a greater lethal effect and a higher reversion frequency than exposure at 37 C. Table 1 shows the results of a representative experiment with 5.0 X 10-6 m solutions of ferrous and ferric sulfate at exposure temperatures of 37 and 1 C. It can be seen here, and far more strikingly in subsequent tables, that the number of revertants per ml of cells actually plated (i.e., before computing the reversion frequency in terms of 108 survivors) is considerably higher than the number of spontaneous revertants proproduced by a comparable temperature change of the control cells suspended in water, nor by other combinations of initial and secondary exposure of the Fe++ treated cells; neither is it produced when Fe+++ treatment at 1 C is followed by dilution in water at 37 C. The lethal effect resulting from initial exposure to Fe++ at 1 C was somewhat increased by the secondary exposure. It is notable, however, that there was only a 5 per cent difference in survivors between samples exposed to the two secondary temperatures, whereas the reversion frequency was twenty-two times greater for the 37 C sample than for the 1 C sample. The remarkable result encountered in all such tests is the "burst" effect-an enormous increase in reversion frequency-produced by exposure to Fe++ at 1 C followed by change in exposure temperature to 37 C. This 'burst" effect is not Although this reversion increase is obtainable by subjecting the 1 C ferrous-cell mixture to a tenfold or even a twentyfold dilution in water at 37 C, it is not dependent upon the factor of dilution. A comparable "burst" effect also is produced when the reaction mixture is merely transferred from 1 C to 37 C for the secondary period of exposure (table 4, tube 1-1).
Effect of secondary exposure 8olution. From the foregoing data it appeared that this "burst" effect on reversion frequency required a reaction procedure of which both the initial Fe++ treatment at 1 C and the subsequent change to 37 C were integral steps. Therefore it was relevant to test the effect of initial treatment at 1 C with Fe+++ followed by a secondary period of exposure at 37 C in Fe++ solution.
Results from three experiments bearing on this point are shown in table 3. In experiments A 1953] and B, the initial exposure was terminated by diluting multiple 1 ml samples of the reaction mixture in 9 ml of water, Fe++, or Fe+++ at 37 C or 1 C. In experiment C, after exposure in the 1 C bath for 10 minutes, the initial Fe+++ treatment mixture was spun down in a centrifuge continuously chied in a refrigerator. After 30 minutes, the supernatant solution was aspirated off the pellet, and 0.1 ml quantities of these packed cells were added to tubes containing 4.9 ml of diluent: water at 1 C (used for immediate assays), water at 37 C and 1 C, and 3.0 x 10-6 M Fe++ at 37 C and 1 C. The last four tubes were incubated at 37 C both took place in the presence of Fe++. Thus, an initial exposure at 1 C in Fe++ evidently is not essential for obtaining the "burst" effect associated with the secondary 37 C exposure in Fe++.
The change in temperature from 1 C to 37 C during exposure to Fe++ is required, however, in order to obtain any portion of the "burst" effect. As shown in table 4, tube 2-1, when the cellular suspension in water chilled at 1 C for 5 minutes was warmed then to 37 C for 5 minutes before being mixed with Fe++, the reversion frequency was less than one-third of the fre- (Wyss et al., 1948; Dickey et al., 1949; . Cyanide was found to increase mutation rates in Neurospora, presumably owing to catalase inhibition and the consequent accumulation of a mutagenic level of peroxide (Wagner et al., 1950 Radioactivity measurements. Radioactive tracer techniques are useful for revealing physiological differences between cells subjected to treatment with Fe+++ and Fe++. Of fundamental importance is the metabolic activity of cells during the period immediately following treatment. This is the period in a mutation experiment when E. coli, strain B/Sd-4, cells plated on streptomycin-free agar pass through the few cellular divisions of which they are capable in the absence of streptomycin. E. coli, strain B, the parent strain, grown in C medium was used to reveal physiological effects of treatment with iron solutions. Treated cells showed significant differences in uptake of S55 during short periods of posttreatment incubation in growth medium containing radiosulfate. Table 5 shows that far more inhibition of S35 uptake resulted from treatment with Fe++ than with Fe+++ at corresponding exposure temperatures. The change from Fe+++ treatment at 1 C to Fe++ at 37 C inhibited uptake far more than did Fe+++ alone under the same temperature conditions. Incubation in S35 medium was terininated before the cellular suspensions increased in density, thereby eliminating error due to initiation of cellular division in any growth tube. Error occasioned by differences in survival was not controlled, however, and probably contributed to the magnitude of differences between uptake values. Nevertheless, such differences in lethal effect do not invalidate inferences in regard to synthetic capacities of treated cells, as shown by comparisons of results. In great contrast to differences between uptake values for the corresponding treatments, differences between sur- (Catlin, 1953) show that such cells respond very differently, depending on which gas is present during the subsequent change from 1 C to 37 C.
Although the evidence suggest a causal connection between the physiological and mutagenic effects of Fe++, the sequence of operative events remains speculative. It is premature to conclude that imparment of synthesis is directly responsible for increased reversion frequency. Further correlated studies are required which shall characterize and discriminate between conditions, both extrinsic and metabolic, that are associated primarily with: (1) adsorption of the ferrous ions, (2) development of or recovery from lethal consequences of Fe++ action, and (3) control of the mutation proes.
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SUMMARY
The response of Escherichia coli to Fe++ is influenced strikingly by the temperature of exposure. Mutation frequency and capacity for synthesis are both affected. Correlated studies of the effects of variations in temperature and other test conditions are in progress in an effort to differentiate the conditions that primarily affect adsorption of Fe++ from those that primarily affect the consequent physiological reactions-mutational and lethal.
The streptomycin-dependent strain B/Sd4 shows a considerably higher frequency of reversion to streptomycin nondependence after exposure to Fe++ at 1 C than it shows after comparable treatment at 37 C. When the exposure temperature is changed from 1 C to 37 C during Fe++ treatment, a great increase or "burst" of revertants is produced. Other conditions that alter the reversion frequency are discussed. There is a parallelism between conditions that increase the reversion frequency of strain Sd-4 and those that impair mechanisms of synthesis in the B strain, as reflected in reduced uptake of S35.
